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This  report  lists  all  corrections  and  changes  to  volumes  1 and  5 0; 

The  Art  of  Computer  Programming,  as  of  May  Ik,  197^*  The  changes  apply 
to  the  most  recent  printings  of  both  volumes  (February  and  March,  1975  * • 
if  you  have  an  earlier  printing  there  have  been  many  other  changes  not 
indicated  here.  Volume  2 has  been  completely  rewritten  and  its  second 
edition  will  be  published  early  in  1977*  For  a summary  of  the  changes 
made  to  volume  2,  see  SIGSAM  Bulletin  $),  k (November  1975);  p.  10f  -- 
the  changes  are  too  numerous  to  list  except  in  the  forthcoming  book  itself. 

Gn  any  given  day  the  author  likes  to  feel  that  the  last  bug  has 
finally  disappeared,  yet  it  appears  likely  that  further  amendments  will  be 
made  as  time  goes  by.  Therefore  a family  of  computer  programs  has  been 
written  to  maintain  a collection  of  errata,  in  the  form  printed  here,  but 
encoded  as  an  ad-hoc  sequence  of  ASCII  characters.  The  author  wishes  to 
thank  Juan  Ludlow- Saldivar  for  the  enormous  amount  of  help  he  provided 
in  order  to  get  this  system  rolling.  (Some  readers  who  have  access  to 
the  Stanford  A.i.-Lab  computer  may  wish  to  consult  the  change  file  before 
they  report  a "new"  error;  the  file  name  is  ACP.MAS  [ART, DEK] . Entries 
for  page  rmn  of  volume  k begin  with  0kOlnnn  (but  change  the  01  to  00 
if  nnn  is  the  Arabic  equivalent  of  a Roman  numeral):  since  "6"  is  the 
control  character  " iC",  you  may  rather  search  for  simply  the  string 
" kOlnnn".  The  text  of  the  correction  usually  includes  special  codes 
following  the  symbol  " | ",  for  things  like  font  changes,  etc. } 

The  author  thanks  all  the  bounty  hunters  who  have  reported  dl fTicultle:. 
they  spotted.  The  reward  to  first  finder  of  each  error  is  still  31  for 
the  first  edition  and  32  X'or  the  second,  gratefully  paid.  Volume  1 remains 
rather  far  from  completion,  so  there  is  plenty  of  time  to  work  all  the 
exercises  in  volumes  1-5  and  to  catch  all  the  remaining  errors  therein. 

This  research  was  supported  in  part  by  National  Science  Foundation  grant 
MCf  72-05752  A05  and  by  the  Office  of  Naval  Research  contract  NOOOl^-7’  -C-0550. 
Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United 
States  Government. 
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5TOV£^ 


The  Krt  of  Computer  Programming 

i£  rr» t«i  ct  ^Id^ndii  1 \ 1070 


1LWLU  line  5 


/ 


forrtn/i  himself  A*  being  encouraged 

line  10  2 

answer  A*  answers 


njm  new  quote  for  bottom  of  page  ) 

We  can  race  our  problem. 
We  can  arrange  such  facts  as  wc.  have 
with  order  and  method. 
--HERCULE  POIROT,  m Murder  on  the  Orient  Express  (1934) 


M line  23  4 

KO.  A*  EO.  (boldface) 


line  3 

prove  Aft  A/*  jirove  dial  Aft 

li»2:£!  line  -1 

3n0  A/*  3n 

2A.21S*  lines  -3  and  -2 

T < 3«q,  where  itg  is  the  original  value  of  n,  A*  T < n, 

t 

h 

\ 


5 


6 


7_ 

t „ 


'*>•>1  Ucf.m 
«>!■'  •sclfn  ‘ 


I ■ 


— £j'^~  .>•  ” 


□ □ 


ex  25  5 

delete  stop  1.5  and  move  the  I to  the  end  of  step  1,4 


ex  25,  change  step  L3  to:  9 

L3.  [Shift.]  If  r-t  < 1,  set  t *-  z shifted  right  1,  k ♦*  k*  1,  and  repeat  this  step. 


line  1 5,  new  sentence  10 

hardware,  ■'v*  hardware.  Tk  idea  goes  hark  in  essence  to  Henry  Briggs,  who  used  it  (in 
decimal  rather  than  binary  form)  to  compute  logarithm  tables,  published  in  1624. 


line  23  H 

example,  *'\r»  example 

exercise  40  12 

a period  (.)  should  appear  after  the  displayed  equation 


lL4i£&  line  2 two  changes 

(i)  the  (q/p)  and  (p/q)  don’t  match  each  other,  fii)  the  « ,s st  two  lines  of  p44  should  be 
moved  bark  to  p4.1,  otherwise  the  reader  will  think  exercise  47  is  complete  without  turning 
the  page. 


line  20  H 

1/12/1  •'V*  l/(12n) 

2i.£  il  ex  15  /S 

pul  spares  in  the  first  matrix,  i.e. 
nhc  (the 

drf  d r f 

ghi  g h i 


3 


16 


!!>»££•  line  7 after  Table  1 

Shili-rhtrh  */V«  Shih-Chieh 

left  side  of  eq.  ( 1 7) 

move  the  k a little  left,  to  renter  it 

i IJzM  line  7 after  (26) 

Sliili-rhieh  •'V*  Shih-Chieh 


line  8 after  (26) 

I hr  IioMfarr  3 appears  to  hr  in  wrong  font  (loo  small) 


i 

I; 


t 

U 


1 4 places 

change  II  to  B (Roman  type)  in  the  notation  for  Beta  function,  namely  in  line  I 
.1  (twice),  Ime  \ (thrice),  line  5 (twice),  line  7,  line  10  (iwirc),  line  12,  line  IS. 


21*^11  exercise  47 

m displayed  formula:  chance  upper  indices  from  n,  n*l/2,  2n*l,  2n*\-k  to  r,  r 

k res perl it ely 

line  3:  n * -1.  r • -1/1 

11,^1  lines  -3  and  -2 


before  the  Renaissance.  during  the  Middle  Ages. 


line  2 


m.V)  -V*  1063-), 


liJSli  between  (23)  and  (24) 

aerie*  A/*  xm'rs  (cf.  (17)) 


17 

IS 

19 

20 

, line  2,  line 
21 

-i/2,  2 r,  2r- 
22 
27 
24 


1. 


l^yili  insert  new  sentence  just  after  (26):  25 

See  I).  A.  Zavr,  Inf.  Prnr.  /.el  ten  5 (5976),  (a  appear,  for  a further  ccncralir.ntinn. 


iy?ll!  replace  (25)  by  new  equation  (25): 

(l/n-s)"1*1)  In { 1/(5 -*))  • m*k-l! m){lmk  1 **.  »«  > 0. 


26 


iLJriD  lines  4-8 


27 


move  i lie  ropy  for  each  step  to  the  left  next  to  the  step  numbers  (standard  format,  see  c.g. 
Algorithm  K on  p2) 


line  -4 

2 ^ J. 


28 


lL„2il!;2i.  lines  3 and  4 after  Fig.  1 1 

X-;  that  *V*  X — that 
values,  K-e  Ae*  values  — we 


29 


lUUc  line  5 


30 


dislnliiition,  the  ■'v*  distrihutinn,  we  ran  improve  significantly  on  ChebysheVs 
inequality:  The 


line  after  (13)  3! 

/2fc4,)(*)  tends  A*  J<2k*%)  am|  tend 

2L.2lS.li'  line  1 1 32 

C A*  d (Roman,  not  italics) 

2L21-SS  line  20  33 

records  A*  blocks 


2i*HirS  line  5 (two  pieces)  34 

record  **v*  block 

row  5 column  4 of  the  table  33 

i ♦r  a*  /♦? 

Fig.  14  in  both  steps  P7  and  P6  , 36 

Pp.  1 HE  [K]  PRIflEfK] 

11, jy&ii  line  4 *7 

fix  broken  type  in  ihc  [ of  PRIf1E[i1] 

2i»2li£ll'  line  9 38 

delete  the  exclamation  point  (!) 

ex  3,  first  line  of  program  39 

X+l  "A-  X+l  (0) 

last  line  of  ex  18  40 

assume  •\s*  assume  that 

line  5 41 

insert  more  spare  after  the  period,  this  line’s  loo  narrow 

line  no.  21  of  the  program  42 

PERtt+1  ...  A^*  PERfl+1,... 


l^lUtU!  line  8 

itself  " itself." 

top  of  page 

the  "1"  is  broken  in  "1.3.3" 

line  14 

the  0 ik  hrokrn 

line  1 6 

0.  J.  A*  o.-j. 
£J2£l/  line -10 

print)  •/V*  print), 


43 


44 


45 


46 


47 


11  Fig-  3(a)  4S 

delete  I lm  funny  little  box  whirh  appears  between  "tbtril  from  top"  ami  "fonrlli  from  lop" 


li*cSt  just  after  (1) 

remove  hlark  sperk 

lines  -3  and  -2 

delete  the  sentence  "U  there  „ obtainable?" 

li»tL4iH)  bottom  line 


49 


50 


51 


TOP  A*  TOP 


(twiee) 


Hi^il1^  line  3 52 

< L < A/*  < l < 

2U*&  after  step  names  G1  and  G2  5.? 

broken  type  f for  [ 

UtZ.H.lll  line  -1  54 

BASE,  BASE+1 , BASE+2,  A*  BASE+1,  BASE+2,  BASE+3, 

2itJl£l5  in  (10)  55 

move  the  heavy  har  to  (ho  right  so  that  it  is  aligned  vertically  with  the  heavy  bar  in  (11) 

lU'dKJ  comment  for  line  18  of  the  program  56 

T3  A-  T4 

SUiiS  new  paragraph  before  the  exercises  57 


In  spile  of  (lie  fart  that  Algorithm  T is  so  efficient,  we  will  sre  an  even  better 
algorithm  for  topological  sorting  in  Section  7.4. 


changes  to  Program  A 55 

line  CM:  6H  Ac*  1H 
linn  0.r»:  hrromrs  line  06 
line  06:  heroines  line  07 

line  07:  heroines  line  06,  anil  delete  the  "1H"  ami  change  r Ac*  l«m~ 
line  12:  heroines  the  following  two  lines 

12  LD2  1:3  (L  INK)  7'  Q-UNK(Ql). 

13  JflP  20  7'  Repeat, 

lines  1,1-36  heroine  lines  14-36 

change  GB  A*  IB  in  what  was  line  17  {now  line  18) 


Will  new  exercise  67 

21.  [20]  Suggest  a storage  allocation  function  for  nX»  matrices  whore  n is  variable.  The 

rlcinrnts  A [I , J1  for  I < I,J  < n shouhl  occupy  n“  consecutive  locations,  regardless  of  the 
value  of  ii. 


iL&'ilii  tree  illustration  near  bottom  of  page  6S 

the  number  "(9)"  must  he  inserted  at  the  right  of  this  diagram 


ii,£sLfr  line  -13  6° 

p*  ✓v*  P# 

:£•  between  (2)  and  (2)  70 

tilt  the  diagram  • » ami  we  ha«e  •'V* 

tilt  the  diagr-*::  and  hem1  <l  : -gully,  obtaining 


Fig.  >7'  71 

lh«  pholngi  -,»‘.er  nas  lined  : a the  two  parts  of  this  figure  improperly  in  this  edition;  the 
left  •bane  S?alf  of  the  illuM ration  shouhl  ,ie  lowered  so  that  the  trees  are  flush  at  the 
hotl-  m --  :'ms  means  that  eorres ponding  letters  will  be  on  the  same  line  in  both  left  and 
s-.ghl  parts  of  the  illustration 


tb»£S.l£  line  -9  72 

of  (7)  of  the  left-hand  tree  in  (7) 

IkSCT  line  16  73 

node  to  'V*  node  with 

line  9 74 


only  unward  links  are  sufficient  ■'V*  upward  links  arc  sufficient  by  themselves 


1 


2 exercise  3 


91 


lino  3:  lot  r he  A*  let  m lie 
linn  4:  If  r ■ 0,  Ac*  If  m • 0, 
linn  5:  «/r  Ac*  n/m 
r nml  let  in  hn  A*  m ami  Int  n he 
linn;  6 ami  7 (steps  K4  and  FS)  rfn/eted 
line  8:  F6.  Ac*  F4. 


better  answer  to  exercise  3 92 

3.  -1/27,  hut  the  text  hasn’t  defined  it. 


exercise  13  93 

first  sniiirnnn  should  hrnomn: 

Add  "7*  < 3 (n-d)*k“  to  assertions  A3,  A4,  A!i,  Aft,  where  k takes  the  respective  values 

0 17  1 


line  16  94 

elementf  n and  h A-*  elements,  a < h, 


exercise  3 95 

the  value  3 is  ..  tuio  n\  A*  ■ 3 oce.urs  for  no  n,  and  in  the  second  place  ■ 4 
orcurs  for  two  n. 

MVIS  line  10  96 

388.  A/*  388;  V.  S.  I.inskn,  7.h.  Vyc.h.  Wot.  i Wot.  Fit.  2 (1557),  90-110. 

new  answer  replacing  answer  10  97 

9,10.  No,  the  applications  of  rule  (<i)  assume  that  tt  > 0.  (The  result  is  correct  for  >i  ■ -1 
hut  the  derivation  isn’t.) 


15 


21^43^$  exercise  41  line  4 

1/4  '''V*  1/8  ((wire) 


95 


2it.4ilii£j  exercise  31  99 

We  have  s\s*  ['l'li ik  Kinn  was  firKt  ot>( aifiot)  in  closed  form  by  J.  i.  Pfaff,  Nova  acta 
ncnd.  itrictil.  Petr.  1 1 (1797),  .78-/17,]  Wo  have 

lltHllidt)  and  extending  to  page  487  100 

rhaiiffr  It  to  B (Homan  type)  in  the  solutions  to  exercises  40,  41  (twiee),  42,  48  (twice). 


23*4;*  Hi  exercise  14  101 

n* 4 •'V*  n*t 

2l»4&41  exercise  10  line  2 102 

(*»r>)  (17) 

21*4#  Vi  exercise  15  103 

l.ne  1:  sG'n_o(z),  *^«-2<*)**»0* 

line  .7  (the  displayed  formula):  delete  the  period,  then  add  a new  linn: 
when  z t -1/4;  Gn(-l/4)  * (n*l)/2n  for  n > 0, 


21*4#  fcy  bottom  of  page,  a new  answer  to  exercise  1.2.1 1.2-3: 

104 

3.  Kofi'.  ' i//o^.l/(2Jc)!;  / j”  l/“^(*)'rfr.  [0.  H.  Kemsrh  observes  that  H if.  ’ f ]'^^2k*2  * 
,({»  }))  /f‘“lf*2)( v)rf \-/{2k*?.V.,  and  that  - ^2Jt*2^v^  always  lies  between  0 and  (2- 

2 ■“^'l)//l,^t.>.  Therefore  if  D(ar)  but  not  /“^‘^\r)  lends  rnonolomrally  to  7.ero,  (13) 
s-t ill  bolds  for  some  # with  0 < # < 2 - 2‘"^""'.] 


2i*£lili: 


exercise  6 


/05 


2]>»t£(lcl  exercise  14  106 

lino  3:  MOVE  -V*  MOVE 
line  4:  JSJ*+1  A/*  JSJ  *+l 

2l»t£li‘2  exercise  17(b)  /07 

(Iking  assembly  ...  err  I ion.)  *V* 

(A  slightly  fjstcr,  hut  quite  preposterous,  program  uses  99.1  STZ's:  JMP  3395;  STZ 
1,2;  STZ  2,2;  ...;  STZ  993,2;  J2N  3999;  DEC2  993;  J2NN  3001;  ENN1 
0,2;  JMP  3000,1.) 


H.EIS2  exercise  18  add  new  sentence:  IPS 

(Unless  the  program  itself  apprars  in  locations  0000-001! >.) 

exercise  20  109 

Fukuoka)  A*  Fukuoka.) 

exercise  16  line  1 110 

(49):  A/*  (49); 

2Uli4J  new  line  just  before  answer  no.  23:  ill 

)or  small  byte  sire,  the  entries  £6^  would  not  appear. 

exercise  6 line  3 112 

V»t  Ae*  VR 

1 IJs&y  line  - 1 3 in 

c.g.  the  A/*  e.g.,  the 


aiiM^toiikMhaiag'gttvwiia^ 


2i*i52i£i  exercise  22(d) 

Sinrr  the  ar's  are  iinlrprinlrnlly  chosen,  the  ^V*  Tim 


114 


! 


exercise  23 

line  I:  /0«  ...  (In  t).  •'V*  /(|C0rxp(-l-ivj(l))</l,  where  ftj(r)  * { t‘at'~tdt/t. 
Imr  4:  In  n / p^  '/'V*  p'T'  In  1 1 

lino  6:  8310...;  83100  83724  ;17Q6*  [Jfot/i.  Com/..  22  (1068),  411-415]; 

2i*££l!i  line  6 

ilrv  Vl  /mi),  Ap*  dev  VT/m),  when  » > 2m. 


line  5 


prnerss  won M loop  indefinitely;  A* 

algorithm  nreaks  down  (possibly  rpfprs  to  buffer  while  I/O  is  in  progress); 


Zi.tSS  exercise  9 


in  reverse,  ht  ran  gel  thr  inverse  •'V* 

bark  wards,  we  ran  get  tlie  reverse  of  the  inverse  of  llic  reverse 

&S4I  exercise  12 

0 < or  < 1 *Ap»  !«|  < 1 

Zl-twE1!  line  12 

rn(z)  *'V»  n(*)r 

**  i« 

2i-*i£S.»r  exercise  4{ii)  should  have  the  following  answer  instead; 

(ii)LOA  X, 7:7(0:21. 


1- 


.'•a 


m 


116 


117 


ns 


119 


120 


121 


M7P! 


li.ESit  new  answer  /22 

13.  I).  J.  Kloitnian  has  shown  that  lim,,.,^  2 ~n  lop  /(it)  1 limJM00  2~n  log  IlQ^<n(jJ)L 
[To  appear.) 

2i,k4]2  line  -5  12i 

COUNT  'V*  COUNT 

lLi£4;S  and  also  page  544,  answer  to  exercise  24  12< 

replace  lines  85-87  of  the  MIX  program  by 

STG  X.l(QLlNK)  QLINK[rll] «-  k. 

'I’lien  renumber  lines  88-118  to  Hfi-llfi. 

Finally  rfc/efe  “Note:  When  the  ...  as  the  loop."  on  p.  544. 

ii*fc4]S  lines  1 1-12  change  to  (with  same  indentation):  125 

TIO.  If  P * A,  *oi  QL!NK[SUC  tP)  ] - *,  P - NEXT  (P),  an.i  re, .eat  this  step. 

21W  exercise  16  126 

line  2:  201  27 1 (twice) 

line  8:  f>  A/*  4 


Il’jL'iity  line  -4  insert  new  sentence  (no  new  paragraph) 

[Sec  exercise  5.2..1-29  for  a faster  alpomiitn.) 

ai.EEUl  exercise  1 line  4 
AVAIL  •'V*  Y - INFOtPf }. A''**:. 

line  2 


COLfP)  A*  COL(PO) 


1 tiW  o j WU  jS  JFAaA  Utt  s' 


change  answer  18  (saving  space  for  new  answer  21): 


130 


the  first  part  tip  to  "after  ;<  ' <•••*'"  can  ho  shortened  as  follows. 

18.  The  throe  pivot  stena.  *•  • -',  'rtive.  columns  3,1,2,  yield  respectively 

(use  the  same  niatri.*'*,  .•  ft  . n ■ t * squeeze  onto  one  line) 


2i*i£l£b  exercise  20  131 

A(l,l)  •'V*  Atl.n 

2i*l£iib  new  answer  132 

21.  Kor  example,  H - maxd.J),  LOCfAH.J])  • LOC (A El,l3 > ♦ fltR-l)  • I - J. 
(Siieh  formulas  have,  been  proposed  irnfependef.«Iy  |iv  many  people.  A.  1„  K srnberg  and  H. 
K.  Strong  have  suggested  the  following  Jk-dimesttional  generalization:  LOCfAflj,  I ^.]  ) 

• Lk  where  Lj  • L0C(Att *!  J ♦ I,  - 1,  Lr  ■ Lr_j  * cnr-l r * (f1r  - - (Mr- 

l)r-,)1  where  f1(.  - max(! ,,  ! ,).  [I ISM  Trch.  Dhclatucr  Hull.  14  (1972),  3026-3028.]) 


exercise  15  133 

remove  .Matches  m first  and  second  lines 


Si.*S£liLL  exercise  1 2 line  2 134 

A(m).  ■y\r*  A[m], 


2l4£bli.  new  answer  135 

13.  (Solution  by  S.  Araujo.)  Ixt  steps  T1  through  T*»  he  unrhanged,  exrept  that  a new 
variable  Q is  initialized  to  A in  step  Tl;  Q will  point  to  the  last  node  visited,  if  any.  Step 
Tf>  heroines  two  steps:  'T5.  [Right  hranrh  done?]  If  RLINK(P)  = A or  RLINK(P)  B Q, 
go  on  to  Tfi;  otherwise  set  A «=  P,  P *-  RLINK  IP)  and  return  to  T!  T6.  [Visit  P.]  "Visit” 
NODE  (P),  set  Q *-  P,  and  return  to  TV  A similar  proof  applirs. 

Une  15  136 

LOC  (T).  'v*  LOC(T) . 


1-r 


exercise  1 line  1 


consist  ''V*  consists 


exercise  12  line  2 


INFO (P2I -1  TREEUNFQ(P2)-1) 


exercise  18  line  a 


preorder  ''‘■v*  postonlcr 


exercise  7 


the  diagrams  for  Case  1 have  two  arrowheads  in  the  wron/j  direction  ...  the  arrows  should 
lead  au my  from  a' and  lotrarJt  jS'bolh  Before  and  After 


line  -8 


;}32  "V  .122 


e>  cisei2iine5 


n(«)  set  off)  *-  rii,j)  and  h{i)  •-  ;;  *V 
of/)  set  n(j)  *-  c.[i,j)  and  f>0‘)  ♦*  ij 


exercise  16 


line  2:  tli  istmee  of  */V4  traeinj;  out 

lines  4,5:  w«  .,avc  an  oriented  suhsiibtree  A/*  the  stated  digraph  is  an  oriented  tree 
line  f»:  eonfiguratton  "l\'*  digraph 
line  6:  subtree  ‘V*  tree 


last  line 


!X  K.  Kr.iilh,  -V*  K.  Dawsen  and  I.  J.  Good,  /Inn.  A/otA.  Sint.  28  (|0S7).  946-056;  I).  R 

Knuth, 


s 


19 


exercise  24  line  2 145 

C’  A/*  G 

last  line  of  exercise  23,  add:  146 

[ Yar  m * '1  line  result  is  due  to  C.  Klye  Saint  e-Mario,  I’lntermrdinire  tit's  Mathematicians 

1 turn),  107-110.] 

exercise  3 line  3 147 

upper  •'Ne*  riRbl 

2i«*££4i  exercise  10  14S 

beipht  w'li’ki  ,.hreo  limes) 

lUtflii  second-last  line  before  exercise  6 149 

this  line  isn’t  nebt-justified,  ailil  space  after  ibe  semicolon 

bottom  line  150 

exhausted.  -/\s*  exhausted.  [Sic  Guy  L Strele  Jr.,  C/JCXI  18  (1975),  19.1-608,  am!  P. 
Vt'adlrr,  C/1CM  19  (1976),  to  appear,  (or  furllier  information.) 

[ Note  ilia'  there’*  no  eomnta  liettrecii  Steele  and  Jr.  in  his  name.] 

'2l*S£^  Su  lines  19-21  replace  by  151 

Several  beautiful  Inst -eopyinp  algorithms  nliirli  make  substantially  H-eakcr 
assiimpl ion<  about  l.i*t  representation  have  been  devised.  See  I).  W.  Clark,  C/iCM  19 
(1976),  to  appear,  ami  J.  M.  Hobson,  C/1CM  19  (1976),  to  appear. 

2l»£irli  line  4 152 


miniscule  ■V'  minuscule 


11* till' IS*  line  before  exercise  34  15? 


Ji.iilWli' 

Araujo,  Saulo,  560. 

H.LltiUi  * 2 

lirililn  C20,  120. 

KM?t  16  ■ > 

UrijiRK,  Henry,  26. 

2i,*bt.^L  Bolzano  entry  164 

dclrlr  "llirorrm," 

lU-HSU)  «» 

Cnrlyie,  Thomas,  *vi. 

il.tiHSU!  >66 

Christ  ir  M alio  war1 , Damp  Agatha  Mary  Clarissa  (Miller),  *ix. 

H.liWrli  >67 

C.lm  Shih-CJisHi.  % 51 

jUisui  >6S 

Clark,  Douplafi  UVIls,  594. 

2!>»ti<L£  Li?  Chebyshev’s  inequality  entry  169 

r <■ 


ailil  p.  102 


170 


Doyle,  Sir  Arthur  Conan,  46 3. 


Hyn  Samir-Marie,  Camille,  580. 


dcli  te  Fuller,  Davnl  Allen 


ii.iii5.iii 

Hamlrt,  I'rinrr  of  Denmark,  228. 


JUfifili, 

Dawson,  Herd,  578. 


Kven,  Shimon,  239. 


entry  for  Good  Irving  John 


add  p.  578 


line  -8 


Kxernsc  -v*  exercise 


Kleiiman,  Danrl  J.,  S(|. 


179 


(i-  Knopp  entry 

aihl  p.  49  J 


Krogdahl  entry 

fix  lirokni  tvpr 


line  1 

20  20. 


ISO 


1SJ 


I.inckn,  v.  S.,  470. 

Jibuti: 

Talli  Irn/’ili,  .109-405. 


1S2 


1S3 


I’falf,  Johann  Krinlrirh,  IBS. 

t&t  SL 

Philro  S2000,  120. 

Pnirol,  Hrrcnlc,  m. 


fc.bbliL 


/w 


755 


756 


757 


RCA  601,  120. 


MSUUJ 

Rosenberg,  Arnold  Leonard,  Sf»6. 

llt.(iS;llU]  Robson  entry 

ndd  p.  504 

2US32UL 

Shakespeare,  William,  228,  465. 

ilJSiilL 

4 

delete  Shih-ehieh,  Ch«  entry 

H.lSSlili) 

Steele  Jr.,  Guy  Lewis  (*Quux),  594. 

2U'S£IL 

Stron/;,  Hovey  Raymond,  Jr.,  556. 

1U4&UJ 

Tarj.tn,  Robert  Kndre,  239. 

2l.£S&b) 

Wadler,  Philip  !.eo,  594 

21* &S&UJ  last  line 

delete  "theorem,"  (Raven  one  line) 


188 


189 


190 


191 


192 


193 


194 


193 


196 


2b 


I 


a 


II  making  the  quotation  format  more  consistent 


205 


Imr  5:  The  Prince  •'V*  The  Prince 
linn  10:  MASON  (The  Case  ...  1951)  "V* 

MASON,  in  The  Case  of  the  Angry  Mourner  (1951) 


W hjhl 

new  exercises 


206 


*21.  (C.  0.  Knoll.)  Show  dial  die  permutation  0[...nf|  is  obtainable  with  a star!:,  in 

the  srnsn  of  exorcise  2.2.1  -fi  or  2.3.1  -fi,  if  anil  only  if  Cy  < Cy+j*l  for  1 < j < n tn  the 
notation  of  exercise  7. 

22.  [M2H]  (C.  Moyer.)  When  m is  relatively  prime  to  n,  we  know  that  the  sequence  (m 
moil  n)  (2m  mod  tt)  ...  ((n-l)m  mod  «)  is  a permutation  of  { 1,2,...,»-1 }.  Show  that  the 
number  of  inversions  of  this  permutation  can  be  expressed  in  terms  of  Dcdckind  sums  (cf. 
Section  3.3., 1). 


3.23  line  -9 


207 


4.mr>  'V*  4f,flr»5 


lines  5-8  after  (38) 


20S 


Curiously  ...  situation  to  the  ■''V*  An  interesting  one-to-one  correspondence  between  such 
permutations  and  binary  trees,  more  direct  than  the  roundabout  method  via  Algorithm  I 
that  we.  have  used  here,  has  been  found  by  I).  Holein  [Inf.  Proc.  l.ctlcrt  4 (1975),  58-61]; 
similarly  there  is  a 


insert  new  sentence  after  (53): 


209 


Actually  the  0 terms  here  should  have  an  extra  9«  in  the  exponent,  but  our  manipulations 
make  it  clear  that  this  9«  would  disappear  if  wc  had  carried  further  accuracy. 


3.^2  exercise  28,  three  changes 


210 


the  average  is  'V*  the  average  /;1  is 
sorting”  for  some  obscure  reason,  A/*  sorting,” 

2Vn;  ...  1.97V  h.)  ''V*  2Vn.  I,.  A.  Shopp  and  II.  K.  Kogan  have  proved  that  lim  inf ^J_,cr> 
ln! -7  it  > 2 [to  appear].) 


O? 


figure  9 step  D3 


211 


COUNT  [Ky]  COUNT  IKyl 

*V  addition  to  step  B2  2/2 

(If  BOUND  * 1,  this  moans  g o directly  to  114.) 

line  -5  2D 

the  iiinlrrlinc  shouldn't  bn  broken 

comments  for  lines  14  and  15  of  the  program  214 

BOUND  'V*  BOUND 


line  9 

2D 

(Doci'rnbrr, 

, 1074).)  Ar*  (1974),  287-280.) 

S.kS'i! 

line  8 

216 

lo«2 

It: 

exercise  1 5 line  2 

217 

subscripts 

on  superscript*  nro  in  wrong  font 

line  1 

21S 

items;  •/V*  items, 

3.L4.& 

line  3 

219 

rl5  ■'V*  rl5 


H'.JLk'fc)  line  -18 


onn  •'V*  ai  least  rtnP 

S«lllri£)  last  line  of  T^ble  2 

179  no 

line  -2 

wiKo,  oracle  •/\^  dangerous,  adversary 

SUiim  lines -13, -12, -9, -8 

pronouncement*  'V*  outcomes  (four  chances) 

Sy.tllll'  lines  -7  thru  -3 

oracles  ■'V*  adversaries 

oracle  -V*  adversary  (five  change*) 


Squill  lines  7-23  must  be  replaced  by  new  copy:  225 

Constructing  lower  bounds,  Theorem  M shows  lh,U  the  "infntnialinn  theoretic” 
l»w(  r bound  (2)  ran  lie  arbitrarily  far  from  the  true  lower  iionml ; thus  t lit*  technique  used 
lo  prove  I iirori'in  M gives  us  another  way  to  discover  lower  hounds.  S*::h  a proof 
terhnu|iie  is  often  viewed  as  the  r real  ion  of  an  oifn.er.tory,  a penurious  hem/;  who  tries  lo 
make  algorithms  run  slowly.  When  an  algorithm  for  merging  ileenies  to  compare  /)•  : It •, 

the  ailvetsary  determine;  the  fate  of  the  roinparison  so  as  to  force  the  algorithm  ilown  the 
more  iliffieult  path.  If  we  ran  invent  a suitable  adversary,  as  in  the  proof  of  Theorem  M, 
we  ran  ensure  that  every  valid  merging  algorithm  will  have  to  make  a rather  large  number 
of  eoinparisons.  (Some  people  have  used  the  words  'oracle*  or  'demon*  instead  of  'adversary*; 
hill  it  is  preferable  to  avoid  surh  terms  in  tins  context,  since  'orarles*  have  quite  a 
different  connotation  in  the  theory  of  ree.utsive  functions,  and  'demons*  appear  in  still  a 
different  pmsr  within  languages  for  artificial  intelligence.) 

We  shall  make  use  of  rnmirnincil  nrtrrrtnrirs,  whose  power  >«  limited  with  regard  to 
the  outcomes  of  certain  comparisons.  A merging  method  which  is  under  the  influence  of  a 
constrained  adversary  doe*  not  know  about  the  constraints,  so  it  must  make  the  necessary 
comparisons  even  though  their  outcomes  have  been  predestmid.  Kor  example,  m our  proof 
of  I heorein  M we  constrained  all  outcomes  by  condition  (5),  yet  the  tneiguig  algorithm  was 
uuahir  to  make  use  of  this  fact  hi  order  lo  avoid  any  of  the  eoinparisons. 

I he  constraints  that  we  shall  use  ui  the  following  discussion  apply  to  the  left  and 
right  ends  of  the  files.  Left  constraints  are  symbolized  by 


lines  7 and  IS 

questions  •‘"'v*  rnmpar  .ons 
lie  answerrd  result  in 

lines  9,  10,  18 

orarle  •■'V*  adversary  (four  changes) 

line  1 2 

then  we  define  A/*  thus, 

In  lie  •/\e*  is 


our  oracle  A/*  that  our  adversary 


226 


227 


22S 


229 


53 


&£tK  line  -2  2D9 

"orarlr",  ■'%*♦  "adversary"  as  in  Sr-  'iim  5..1.2, 


*^t 


u:r-t 

L.L.  ( 


240 


lino  1.1:  finding  an  oracle  constructing  an  adversary 

lint*  15:  orarlr  declare  '"'v*  adversary  cause 
lines  17,  20,  2.1:  oraelo  A/*  adversary 


S.,tl2li£  replace  the  eight  lines  preceding  Table  1 by:  241 

may  hr  subject  to  further  improvement.  Tlir  fart  that  l'.j(7)  ■ 10  shows  that  (11)  is  already 
off  hy  2 when  « ’ 7. 

A fo*rly  pood  lower  hounil  'or  the  selection  problem  has  been  obtained  by  David  C. 
Kirkpatrick  [1'li.D.  thesis,  |i.  of  Toronto,  197l},  who  ronstrueled  a,>  adversary  which  proves 
that 

Vtln)  > n * < - .1  * 2 rij:((n*2-;)/t « > 2i-l.  (12) 

Kirkpatrick  has  also  established  the  esart  behavior  when  t’3  by  showing  thal  |f*(n)  • n * 
rif!((n-1)/U)1  ‘ rijr((»t-l)/4)l  for  all  n > 50  (rf.  eserr.se  22). 


SU1# 

lino  17:  A.  .Srhonhage  “V*  M.  Paterson,  N'.  Pipprnger,  and  A.  Srhonhagc 
lino  18:  has  •V*  ‘iavc 
lino  -1:  (12)  •'V*  (1.1) 


lino  -7:  (1.1)  •/\r*  (M) 
line  -5:  l'((n)  ■V  T^n) 


iz ) 


ft 


lino  -21:  a lininogriirnu*  ^\s*  an  nhliviont 
lino  -2  and  -1:  a homogeneous  •*V*  an  oblivious 
any  homogeneous  **V*  any  oblivious 


242 


24? 


244 


%2£(!)  lines  5-6  24> 

a suitable  oracle.)  •/V«  an  adversary.) 

SJ,c&li!  substitute  for  exercise  22  246 

22.  (24)  (David  C.  Kirkpatrick.)  Show  that  when  d*2^  < n-1  < 5*2*,  the  upper  hound  (15) 
for  l'-j(n)  can  bo  reduced  by  1 as  follows:  (i)  Form  four  “knockout  trees"  of  size  2^.  (ii)  Find 

the  minimum  of  the  four  maxima,  and  discard  ail  2^  elements  of  its  tree,  (hi)  Using  the 
known  information,  build  a single  knockout  tree  of  sue  n-1-2^".  (i v)  Continue  as  in  the 
proof  of  (11). 


caption 


247 


A lio.noerncour.  /v/*  An  oblivious 


S' 


<_«..&  line  3 


24S 


1972),  Chapter  15]  'V*  197.1),  162-172) 


•S.sL&ll  upper  left  corner  of  Fig.  51 

there- V a dot  missing  on  the  sccoini  line  of  the  diagram  for  n*6 


249 


E.SSlS  line  3 new  sentence  250 

A.  C.  Van  and  F.  F.  Yao  have  pro  ted  that  W(2,n)  * C(2,n)  c r£»»l  and  that  Sl{m,n)  > 
lg(m*l)  for  m < n [JACM,  to  appear). 


SU£?j  line  12 

16  is  in  the  wrong  hold-face  font 


25/ 


r-j 


.££9  line  13 


252 


REC0R0  (Q)  *V4  RECORO(Q) 


line  10  25.? 

dele! e “[ifinl:  ...  4.5.3L1"  since  the  proof  of  that  theorem  is  being  changed  in  the.  second 
edition  of  vol.  2 


2*£tib’  line  6 254 

other  /’.  Ac*  ether  P.] 

line  15  255 

to  C5.  “V*  to  C5  if  m > 0. 


2f2&4a  lines -16  and -15  256 

SORTIO  Ac*  S0RT10 
S0RT01  A-  S0RT01 

2‘»EV'4i  bottom  line  257 

Igo  Ac*  Ik  (twice) 

2*EirIL  linn  -3  25S 

"Soundex"  A»<*  contemporary  form  of  the  "Soundex" 


S! 

*-**-"•  * 


259 


line  17:  formulated  'V*  popularized 

line*.  19-20;  inversely  ...  Keadmr  ^ .ipproxiinatrly  f.ioporlional  to  1/n.  [The  Ptyclio- 
IIMo/jy  o/  /aittgi.'oge  (Boston,  M Houghton  Mifflin,  19.15);  //union  lleharior  mid  the 
Principle  of  Lean  Effort  (Heading 


extra  annotation  on  line  08  of  Program  B 


260 


LrA/2J.  A^*  LrA/21  (rX  changes  loo) 


Twwra ijMM-«v5R  saro»w»aH  tgjjg Bg gBragffB*  V)  MWtffl  WTOWM5WS PBWjOT g'W 


r 


i?J  Lf! 


,41111!)  line  -7 

only  all  •''V*  only  if  all 

3(„4i2ili  line  13 

ho| worn  •/\s*  between  anil  outside  the  extreme  values  of  ihe 


261 


262 


S.4JL2 

(6) 

l<i  V 

2 < j 

S.4JHV 

line 

800  An 

500 

£.4)2 iV 

line 

263 


264 


265 

memory.  Ii  ■'V*  memory.  The  ilifferenee  between  lg  Ig  jV  anil  Ig  N is  not  substantial 
unless  N ,s  quite  large,  and  typiral  files  aren’t  sufficiently  random  either.  Interpolation 


£.4iia#  new  paragraph  afler  line  14: 


266 

Iulrrpol.il ton  sejtrh  is  asymplotirally  superior  |o  binary  srarrh:  one  step  of  binary 
srarrh  rssrnli.illy  repl.trrs  thr  amount  of  seareh,  n,  by  Ju,  while  one  step  of  interpolation 

srarrh  essentially  rrplarrs  n by  Vn  if  the  hrys  II,  ibe  table  are  randomly  distributed. 

mee  it  ran  be  shown  that  interpolation  lej^ch  Cakes  about  Ig  |c  ft’  steps  on  the  average 
(See  esernse  22.) 


-*4-1.7/  replace  lines  -5  thru  -11  by: 
01  1.1  00  U 29  OH  08  53  20 
01  I.l  14  .11  52  .10 
01  13  43  10  48 
01  13  48  10  .10 
01  14  04  26  40 


bottom  line 


waK  ■'N/1*  seems  to  have  been 


267 

49  12  27 
49  09  07  12 
48  49  41  15 

48  (6  22  59  25  25  55  33  20 
48.16 


268 


lino  11:  1 'V  1,2 

Imr  12:  February,  •/\r*  February 


&JLI& 


line  2 


269 


270 


I hr  last  part  it  hi  nearly  prrfi  ri  alphabetic  order!  Ar« 
llir  alphabetic  order  in  llir  last  part  is  substantially  hrllrr. 


tillin'  replace  exercise  22  27/ 

22.  [Jf  /j]  (A.  f.  Yao  ami  I.  K.  Yao.)  Show  that  an  appropnatr  formulation  of 
inlrrpol.il ion  srarrh  rrqmrrs  asymptotically  Ig  Ig  ,V  comparisons,  on  the  average,  when 
applied  to  iV  inilrprnilrnt  uniform  random  keys  that  have  hern  sorted.  Furthermore,  nil 
srarrh  algorithms  on  such  tables  must  make  asymptotically  Ig  Ig  iV  comparisons,  or  the 
average. 


3.4 £41  line  -8 

A).  ■/V*  A),  smrr  the  nrrrssary  operations  arc  trivial  when  ROOT  • A. 


272 


3.4i£3  line  1 7 

Algorithm  I.  •/\r*  Algorithm  T 


3.4.3L  lines  7 and  8 


273 


274 


clearly  constructed  11*1  different  deletions; 
constructed  n«l  different  deletions,  ore  for  each  j\ 


275 


line  (h  A fairly  An  esen  more 

line  -7:  time.  •/\/*  time.  In  fart,  M.  Frrdnian  has  shown  that  ()[n)  units  of  tune  suffice,  if 
the  right  data  slrurtures  are  used  [ACM  Symp.  Theory  of  Comp.  7 (1975),  240-244). 


3,41  and  following  pages 


276 


in  the  soroml  edition  of  vol.  3 ( must  revise  the  subsection  about  the  Hu-Tucker  algorithm 
to  take  .ircoiini  of  the  new  Garsia-Warhs  algorithm.  Moanwlulo  I could  have  improved  my 
('raiment  of  Hu-Turkcr  by  leaving  (lie  external  nodes  out  of  the  priority  queues  (cf.  (23) 
on  p.  -144,  an  unnecessarily  eumiiersome  approach). 


3*4:3*’  replace  lines  3-5  by:  27? 

that  the  result  in/:  maximum  subtree  weight,  max(u:!0,A‘-l),u:{A1ii)),  is  as  small  as  possible. 
This  approach  ran  also  he  fairly  poor,  because  it  may  choose  a node  with  very  small  />£  to 

he  the  root;  however,  Paul  J.  Bayer  has  proved  that  the  resulting  tree  will  always  have  a 
weighted  path  length  near  the  optimum  (see  exercise.  36). 


3*41312) 

exercise  30 

27S 

M46  Ac* 

Al4l 

3,4:31!) 

new  version  of  exercise  36 

279 

36.  [M40]  (Paul  J.  Bayer.)  Generalizing  the  upper  hound  of  Theorem  G,  prove  that  the 
cost  of  any  optimum  binary  search  tree  with  nnnnegative  weights  must  he  at  most  the 
total  weight  «S  • Sjcj’/ji  /if  * Iq <i<n  'll  *'mes  //  ♦ 2,  where 

11  ’ -1  <;<„(/>, •/*>  WS/i»i>  ‘ So-., •<„>'», -/S)  klShi'r, 

hi  fart,  the  top-down  procedure  which  repeatedly  chooses  roots  that  minimize  the 
maximum  subtree  weights  will  yield  a binary  search  Irrr  .satisfying  this  hound.  Show 
further  that  the  cost  of  the  optimum  binary  tree  search  tree  is  >5  tunes  //  - ig(2 ///r). 


3*4134;  diagrams  (2)  2S0 

pul  extra  little  vertical  lines  above  the  topmost  nodes  (/)  and  X,  respectively),  for 
eonsistency  with  (1) 


2.4iEi£ 


line  2 


2S1 


K •'V*  K 


I mu 1 ,11111,11,1 1 1,1.1 fciMijii,. Ill UawJmtWUtiVMI  >Ub«WiMiajLttWifltt 


line  -4 


290 


•tnpuhlishrd)  ■/\s*  [see  Aiio,  lloperoft,  and  1 liman,  77ie  <e  i/jn  r.nd  Analysis  of 
L.iii'i /inlot  /U ijoritbiiH  ( Ht  .nl Mass.:  Addison- Wesley,  10741,  Chapter  4] 


zL/(.izt£  lines  11-12  should  be  replaced  by:  291 

trees  .‘In  ii  arise  when  we  allow  the  height  diUercnee  of  Milit  rces  t«.  ho  a I "in.  i fc.  Such 
struelu.ii  may  lie  railed  IliWA-]  trees  (mi'.nim;:  "lieipiit-lijlaiicrd”/,  -o  Cat  oitlmary 
halaio . ,,  (rcis.  represent  I lie  sper’.i’.  . .so  llll[l).  Kmptrira;  tests  ou  HB[A-)  rces  .avc  hcon 
.1  -•  m i!  hv  y L Karlton  ft  al.,  CALM  4 3 !!«76),  ‘2.7-28. 


S!  L'  ^Jb  -»:?w  exercise  297 

31.  , i]  (M.  |„  Krritman.)  Invent  a representation  of  linear  lists  with  the  prop.  !y  that 
him. (inn  of  a i;w  item  I. -tween  positions  m-1  anti  m,  (tiven  in,  takes  0(lc..;  m)  units  of 

tinir. 


new  paragraph  before  the  exercises  293 

A ful j fw  Yao  has  proved  that  the  a,.cra/:e  niimher  of  noiles  after  random  insertions 

witho  die  oveiflow  feature  will  lie  iV/(«i  in  2)  ♦ OiNjtn"),  for  'ai"e  N and  ;n,  so  the 

'I'M  ;•<  util-/..** lost  wi'  he  appioviniaiely  In  2 ss  60.3  percent  [ 7cto  Informa'.irn,  to 
app<  at  j. 


S.SJU1 

line  1 1 

294 

Ioiir  -\** 

Ion/*,  hut  always  a multiple  of  5 characters, 

2 lilt 

line  -10 

2 95 

t ree.  •'v* 

tlic. 

line  -4 

296 

HOUUE  •'V*  HOUSE 


(twice) 


S.,4vV' ll1  line  5 


297 


llir  tnvirs  of  tlir  tri'r  ■/V*  the  tree  is  nonrinpty  anil  tlul  its  nodes 


£'*4.ir£!  line  19  295 

follows.  “V*  follows: 

£*£11121  exercise  4 299 


there 

will  lir-  a 

now  illustration,  mill 

positions 

titinihcn  >1 

f 1 Otll 

IV  rr<*|)«'r|  i v«» 
(20) 

entries  will  In 

UAS 

THAT 

UP.) 

OF 

BE 

THE 

HIS 

UHICH 

UITH 

THIS 



(4) 

ON 

I 

HE 

A 

or 

(IS) 

(3) 

TO 

HAD 

— 

(14) 

BUT 

(i) 

(17) 

FOR 

BY 

IN 

FROM 

ANO 

NOT 

(1) 

HER 

ARE 

IS 

IT 

AS 

AT 

(7) 

— 

HAVE 

(3) 

— 

YOU 

— 

lino  ?.:  .ri.ri  •'V*  fO 


linos  after  now  ill  nst  ml  ion:  20, 1,14,. ..,2  witlnn  /V*  20, 10, 3,14,1,17, 1,7, 2,20,18,4  within 


EUliE 

line  2 

300 

that  -Av* 

that,  if  u > 2, 

£.1-114; 

exercise  39 

301 

in?  ^v-* 

A/4J 

3,23:2 

line  -5  add  new  sentence  after  "of  M." 

302 

(A  prense  formula  is  workril  out  in  exercise  34.) 

£*££.£  program  line  1 ? 


307 


- -v 


MW]3 


.?04 


delete  lines  ITi-Itt  (m»l  not  really  itenieil  after  all) 


J.J  !-«*!».!  ..  . 

line  -1  305 

ant  tally  ■V*  Maul  tally 

line  13  306 


fttmil.tr  *Av»  weaker 


£•*££.£  three  lines  after  (34)  307 

purposes.  "V*  purposes.  In  fart,  |,eo  Ctiihns  ami  Kmlre  S/.rmcre’ili  have  Mieeeetlctl  in 
proving  the  tliffienlt  theorem  that  tlotihle  hafthtit/;  is  aftymptotieally  equivalent  to  uniform 
prolnnp,  m the  limit  as  M -»  w.  [To  appear.] 


just  after  (37),  insert  new  sentence:  30S 

lly  convent  ton  we  also  set  /(0,0)  * 1. 

new  formula  for  (58)  309 

CN  - 1 ♦ [r-l,al,hah)/2h\)  (2  ♦ («-!)(»  ♦ («24(«-l)2(/»-l))K(a,ft))  ♦ 00/M). 

&«£4X  line  -2  310 


until  Morrtft’s  ...  lOfiH,  -V*  until  the  laic  lOfiO’s, 


C/ 


311 


line  I:  I he  only  ...  .iiiionj:  '\s*  The  first  published  appear  .re  of  the  word  seems  to  have 
hern  in  II.  HeMermau's  hook  Diffiml  Cmn/tulrr  System  /Vinci/i/ei  (New  York:  Me.Graw- 
H ill,  l%7),  p.  152;  the  only  previous  occurrence  among 


line  6:  19f,H  'V*  1067 


£.£4.2  exercise  5 lines  3 and  4 312 

ton  or  loss  *\s*  at  most  irn 


£.£4i$ 

exercise  10 

313 

M4H 

M43 

£,£4.b 

line  -4 

314 

M>M  •'V*  M'>  M 

exercise  45 

315 

Mm  'V* 

M43 

£.£4.^ 

exercise  66 

316 

66.  y\s+ 

• 66. 

S.S4.S- 

new  exercise 

317 

67.  [M2!>]  (Amlrow  Yao.)  Provo  that  all  ftxoil-poi  mutation  siii£lc-lias!stii£  srhoinos  in  the 
spiisp  of  rnorriso  62  satisfy  tlio  inequality  Cjy  > rj(l  ♦ 1/(1  -cr)).  [Hint:  Show  that  an 
iinsiiiTossful  soarrli  lakes  exactly  k probes  with  probability  ( (Af-/V}/M.] 


£.££4,  lines -10, -8, -6 

LONGITUDE  •'V*  LONGITUDE  (three  places) 


3 IS 


& 


319 


ill  tin*  srroml  iiliimn  | will  hr  revising  Section  6.!i  again,  'Irlrlm/:  iho  inaUii.il  on  post- 
offirc  trees,  paving  moro  attrnlion  lo  Bentley's  k-d  trees,  ami  •lisrussin/’  the  soarrli 
prnri ilnro  of  Rtiikiiarii  ami  its  analysis  by  Dubost  ami  Tronssr  (of.  Stanfori’  CS  repoit  of 
Sept.  107f>! 


n;- 


&«&!£&  line  13,  add: 

[C/o/  i8(i97r,),r,09-r>H».] 


320 


Si* i£ i£ line  8 321 

3 (to  appear)  •'V*  4 (197)),  1-10 

the  numbers  in  (5)  should  be  respectively:  322 

.070-18358;  .00708659;  .00067094;  .00006786;  .00000728;  .00000081 


£:*l£W  quotation 


323 


Alice’s  Adventures  in  Wonderland  *\r*  Alice's  Adventures  in  Wonderland 

iines  1-3  324 

So  Kr  may  ...  (/>- 1 )/2.  Ar* 

In  penrral  if  / is  any  ilivisor  of  /j-1  ami  d any  ilivisor  of  prd(/,ii),  nr  ran  similarly 
ilrtiTininr  [n/d)  moil  / liy  looking  up  llir  value  of  /»tP'D//  l(l  a table  of  lenptli  f/d.  If  />-! 
lias  the  prirnr  factors  7j  < q.y  < <qt  ami  if  at  is  small,  we  ran  therefore  compute  ll 

rapnlly  l»y  finilin/r  f tic  digits  from  right  lo  Irfl  in  its  mued-radu  representation,  for 
railirrs  7 j,  ...,  <7t>  (This  ulea  is  due  to  R.  I,.  Silvet.) 


exercise  6 325 

the  l’s  in  the  exponents  rule  too  high  (twirr) 

HivtliLl  exercise  13  326 

I’m- 1’  ^m-l’^m*l’ 

exercise  20 

ZolnOKsky  (to  appear).  /olnonsky,  Disrrrlr  hi  nth.  9 (1974),  293-298. 


!»•) 


327 


SUtL  new  answer  828 

22.  Imj/nS  - itni/i  iJ  - Lrn(/-»)/»iJ  • 0 or  1;  ami  it  is  0 iff  ntj  moil  n > mi  moil  n Hr  non 
tlir  niinilirr  of  inversions  is  ^ tni //** J - Liiif/nJ  - lm»/-i)/;ij)  " S0<r<itLmr/,,j(r 

- {k-r)  - (A-r-1)),  whirh  ran  hr  transformril  to  j(n-l)!ii-2)  - |ntf(f>i,n,0).  [/.  fur  dip 
ref/ie  and  angrw.  Math.  198  (1957),  162-156.) 

&■*&*£,  exercise  19  829 

rlrtr  lines  .1-7  of  this  answer. 

Imr  fi:  The  answer  (Thus  formula 

now  .nlil  a new  paragraph: 

Note : A //eiieral  formula  for  the  nuniher  of  ways  to  plarr  the  mtrprrs  {l,2,...,»t}  into  an 
array  which  is  the  "iliffrrrnre-*  of  two  tahlrau  shapes  (tij,  ...,  nm)  \ (/j,  ...,  /„,)»  where  0 < 

/,-  < iij-  ami  n • Ittj-  - SI-,  has  hern  fonml  hy  W.  Frit  [Pro r.  /Inter.  Math.  Sop.  4 (1953), 

7-10-71-1  J-  Tins  nuniher  is  n!  ilrt  (l/((»i j-j)  - (fj-i))!). 


Hs*£Sr#  line  -4  880 

4.5 N2  * 2.5 tV  - 6.  -V  (4.5/V2  ♦ 2.5 N - filti. 

addendum  tc  exercise  15  881 

O 

It  is  interrstin^  to  note  that  C(ti’,:)  * F{-w:,i)/  Fi-tr,:),  where  F[s,q)  * -„>o  z',fJ ' / 

nXk<ni]-1k)  ,s  *l,r  general  hi/:  fiinrtion  for  partitions  /ij  ♦ «/i(1  into  ii  parts,  where 

/; j s /iy4j»2  for  1 < / < n am)  /in  > 0 (rf.  exercise  5.1 -lot. 

exercise  31  line  03  882 

INPUT-N.A  -V*  -INPUT-N, A 

addition  to  answer  2 .?.?.? 

[Al/.’orillim  S.2.3S  ilors  exactly  xeh(ir)  rxe.han/rrs,  srr  exrrrisc  5.2J-4.J 

S.lillt  line  12  884 

,to  appear).  -V*  1 1 (1975),  29-35). 


hi. 


2‘*li'2ili  bottom  two  (clobbered)  lines  should  sta^t  respectively  thus: 

335 


43.  As  n -*  0*, 

r(i))/rt  -*  r "(i)  * -y, 

S)*b2itl’  line  -4 

f is  in  wrong  font  (see  line  -2  for  corrrcl  f) 


336 


3*liS2  exercise  i3  337 

297-104  •Av*  262-269 


2tb22  lines  -8,  -7,  -6,  -3  33S 

orarlr  ■'Sr*  adversary 

3*li24J  lines  2,  17  339 

orarlr  'Sr*  adversary 

3,b2!£'  exercise  9 340 

comparisons.)  ,AV*  comparisons,  yri  the  procedure  is  nol  optimal.) 

3»fe2b'  exercise  14  341 

line  t:  found  m 'Sr*  foiiml  m UtM  < 


also  ;n|i|  new  srntrnre:  (Kirkpatrick's  adversary  actually  proves  that  (12)  is  a lower  lioiind 
for  Ut(n*\)  - 1.) 


line  2 


342 


oracle  'Sr*  adversary 


1.5 


new  answer 


£ 


i.bsy 


54* 


22.  In  prnrral  when  2r,2^  < n*2-»  < (2r+l)*2*“  ami  l < 2r  < 2(,  this  procedure  starling  with 

/♦l  knockout  (rrrs  of  siio  2^  will  yirhl  LU-D/2J  fewer  comparisons  than  (11),  since  at  least 
this  many  of  the  comparisons  used  to  find  the  minimum  in  (ii)  ran  he  "reused"  in  (lii). 


exercise  36  last  line  344 

to  appear,]  Ac*  3.13-3.19.] 

insert  new  paragraph  before  line  -2:  34) 

(I.  Hamlet  and  I).  Stevenson  have  observed  that  exercises  27  and  .lit  combine  to  yield  a 
simple  sorting  method  with  (n  Ip  n)/k  * OM  roinparivon  cycles  on  k processors:  First  sort 
k subfiles  of  si/o  < fn/k\  then  inerpe  them  in  k passes  using  the  "odd-even  transposition 
merge"  of  order  k.  (To  appear.) 


exercise  2 line  4 346 

l)H  -V*  CB 

new  answer  347 

10.  See  Pror.  /If  .If  Symp.  Theory  of  Cam  put  in/;  6 (197-4),  216-229. 


S.littiD  exercise  3 for  section  5.5,  last  line  348 

vanahlrs.  A**  variables,  without  transforming  the  records  in  any  way. 


line  -6 


349 


Strauss  A/*  Straus 

Si*b *I'*j  exercise  7 line  3 330 

BO].  A/*  HO;  sen  also  L Gmbas,  firm  Information  4 (I97S),  293-298.] 


su-rs 

llii*:  -0  (displayed  nodes): 
r,  r0 

r2  ^V*  r j 

*|  "V4  *0 

*2  *1 

hue  -fi: 


351 


•'V* 

•'V* 


r0 

"0 


Jt  > 1 "V*  Jfc  > 0 

hues  -ft  nml  -5:  the  right  subtrees  of  ...  and  the  rrsult  A/*  the  result 


HU*4*}  new  answer 

30.  This  iiac  boon  proved  liy  Russell  Wrssnor  [to  appear]. 


352 


replace  answer  to  36  by: 

36.  See  MAC  Tech.  Mr  mo.  69  (M.I.T.,  November  1975),  <1  pp. 


353 


exercise  1 9 


354 


the  fourth  rectangle  in  the  left-hand  figure  is  too  short  — it  should  he  extruded  so  that 
its  bottom  line  is  at  the  same  level  as  the  bottom  of  the  first  and  thsrd  rectangles 


f 


new  answer  365 

39.  Sro  Miyakana,  Yuba,  Siifiito,  amt  lloclti,  SIAM  J.  Computing,  to  appear. 

S;*fc£'2i.  line  12  366 

amt  •'V*  with  0/0  • 1 when  k • N • M-l,  anil 

367 

in  the  f.n-oinl  cilit  on  I Hill  rr\i<r  ^rirr.ll  of  llirtc  jnmrrc,  ikiiij;  Mike  I'.Uitcoh's  simplified 
new  appro.irli  to  «urb  analyse* 


£»l*V4i  exercise  39  36S 

!:?ir  f»  (lliiril  lino  ot  displayed  formulae):  ilolrtr  (on  line  line  only) 

Imr  6 {fourth  tmr  ol  displayed  formula*):  l|)  Zjy j (j)  {two  plarrs) 


new  answer  369 

46.  Y r*.  Srr  |„  Ciub.v.  (to  apprar). 

£*J  . "I;!;, 

new  answer  370 

67.  Ixt  ' » **,rn  C N " ^Jt>i  9jt  an‘l  9jfc  * max  ^1  l-tt'-lMW-AO/A/)  • 

E«?Ull  line  1 371 

~l  I’/t'r  ^ /*|/'|.  mimic  tin-  probability  tb.it  a particular  irroul  is  .1  "trur  drop", 

namely  ( j \h)  , nlnrc  tV  - (jj!) . 

line  -20  last  column  372 

il.u  ■'V*  ur.r, 


5 

i 


j 

/ 

3 

-j 

I 

J 

I 

i 

j 

i 

j 

i 

i 

s 

1 


f 


L i 


'■‘iJfi-J  uvjj  j i .rit  tlirMLiilc  wit.  iiuiiitiif,  Vnonff^niilili.  i^ltfw4!t't!Lli  li!1  MilitElClHilil 


S.*llS  after  line  7,  a new  paragraph: 


373 


A few  interesting  constants  mlli.iut  rominon  names  have  arisen  in  ronticrlion  with  the 
analytic  of  sorting  an<l  srarrhin/:  algorithms;  10-iligit  values  of  three  constants  appear  in 
the  answers  to  exercises  5.2.3-27,  5.2.1-13,  an<!  6.3-27. 


£*7' lib  left  column 

ilet  ( /!)  y\r*  <lrl(/7) 


374 


line  -2 

■ A*  ... 


373 


H) 


definition  of  factorial 


l ■ 2 


n A*  1 2 • ...  n 


376 


2.7'li#  definitions  of  x lower  k and  Stirling  numbers  of  both  kinds 


A* 


377 


IV  line  -12 

5.1.3.  Ae*  5.1.3 


37S 


S.7  WL 

A.Urrsan »s  200-201,  209,  21I-2J2,  220. 


>79 


E,7;1UL  Aho  entry 


3S0 


aihl  p.  168 


S.Vttt 

Bnixlrl,  Orranl,  610. 


>81 


2'.7'lllL-  M2 

Bayrr,  Paul  Jntrpli,  1.10,  lf>0. 


2.7  im- 

Dnlrkinil  tunic,  22. 

h^ul* 


;s? 


JS* 


Dmionc,  200. 


a:* 


riali 


3S  > 


Frii,  Walter,  .V)2. 


SJ'VLL 


886 


Kiclihiirn.  John  SVot,  (ifiO. 


2.7  IHIL  Fredman  entry  8S7 

•»«lil  pp.  1.20,  (71 


2.714.11-  m 

(Jractrli  ''V*  Gractrili 

2.7 14.U;  Guibas  entry  889 


mill  pp.  S2S,  6; 2,  696 


Hrllrrinan,  Hcriirrl.  512. 


Hrt^ln,  M.irnoru,  6K7. 


dnlplo  I lie  entry  for  Homogeneous  roinpan 


&*vbZL.'  Hyafii  entry 

delete  p.  215 


two  new  entries 

HB[A  J trees,  .168.  Hrirlil-I.a!anrr.|  trees,  168,  trc  Balanc.-d  irrcs. 

Knockout  tournament  entry 
a.I'I  pp.  2H,  220 

2-IiL.  Linear  list  representation  entry 

168.  171. 

two  new  entries 

Karllon,  Philip  i.e».is,  168 
Kirkp.iirtrk,  l)a»i.I  (;?|rr(  215,  220,  6.76. 

Ltrll 


I^i/:an,  Hrrij.iinin  Franklin,  Jr.,  591, 


>■  .'& 


s^pwli 

Moyer,  Curt,  22. 
Miyaknwa,  Matalnro,  687. 


S.MlELL 


Oblivious  algorithms,  220-221. 

3.W.EL 

Oracles,  200,  see  Adversaries. 

S,Vlti’lii  Parallel  computation  entry 


n<l>l  p.  640 


shiism 

Paterson,  Michael  Stewart,  217. 


3>2£L 

Pippeii/!i'r,  N irholas  Jolin,  217. 


i^X’rli,  line  -1 

78  -V*  VI,  78 


399 


400 


401 


402 


403 


404 


403 


406 


407 


r- 


Rotrrn,  Dorwi,  64. 


40S 


*^5»T'  vi  i^-te  •-- 


wawsei^^swflw 


S^lUL 

Shopp,  I.awrrnro  Alan,  504. 

i'^'tLUIl  line  -7 

223,  ■'V*  223,  405  (rxrrnsr  22), 

syt-m 

Silver,  Kolainl  l.nzariis,  576. 

tlllUj  Simultaneous  comparisons  entry 

a<lil  p.  610 

S^£liL 

Stevenson,  David,  640. 

S^tliiL-  new  subentry  under  Sorting 
history  Of,  3H2-3IIB,  417-418. 

syziiii 

Strauss  *AV4  Strain; 


s^snii j 

Supilo,  Ynslnn,  687. 


409 


4/0 


4// 


4/2 


4/7 


4/4 


4/5 


4/6 


S7.rmrrrili,  Kndrr,  528. 


.aato^WiaS 


S.Vcilil 


'I'apr  srarrhm/!,  HHl-iOl , 10.1. 


s.w-tu;  nne  25 

Sldwminr  Slawomir 

S^CEU. 

Trrrcorl,  tee  Tree  selection  sort,  Heapsort. 

Jvt7'ccb 

Two-ilinteiiMonal  trees,  !»!»!»,  510. 

IL  Turski  entry 

Wlailysbw  -"V*  Wknlystow 

Ullman  entry 

ailil  i'.  i<>« 

Z.y'LZ L new  subentry  under  Trie  search 

j:rnri  ali/.cl,  f>w*. 

Wessnrr,  Russell,  1**14. 


Yan,  Kooni!  Frances,  2.Y2,  422. 


^^V,',V->5 


Slv^tltl/il  Wrench  entry 

mid  |>.  <>H6 


$*^«2«ltil  Vao,  Andrev/  entry 

ml.l  p|>.  2.12,  422,  479,  549,  678 


«*■  4-;i-  *./i 

sa*7'c.iiL 

Yuba,  Toshitswpu,  687. 


&.y££UI 


/ota  r Hurt  ion,  612,  666. 


SJ^ESliJ  just  before  2-3  trees  entry 


21)  I roes,  f»!»5,  570. 


S^Jib  (namely  the  endpapers  of  the  book) 
dclcto  "Table  1" 

also  rbanpe  1 to  iialir  I in  box  number  35 


426 


427 


42S 


429 


450 


451 


f&'tlil  changes  to  MIX  booklet  452 

p30,  Kip.  3:  Slop  1*3  >:bonbl  say  "500  fouml?" 
p34,  Kip.  4:  t In t •)  rani  shonbl  «.jy  L EQU  500 
p43,  lino  |:  0067  y\‘*  66667 
p43,  Into  2:  193,331  ■'V*  133,331 

p44,  problnn  16,  lino  2:  row...i|iapon.il  •''V*  row  atnl  rniunin 
p44,  problnn  16,  lino  8:  10  A^4  9 

anil  obanpo  "rororil"  lo  "blork"  ovrrywhorc  ;n  the  ilisrijsxmn  of  MIX  I/O  operators. 


changes  to  the  book  Surreal  Numbers 


p'J<),  line  >:  (4)  A/*  (.1) 

pill,  linr«  4 iliiil  .1,  mlcrrli.iiijrr  llio  iiimiIo  of  Jin'  1*1  .uts 

!»,  t - 1“»  ). 

pin,  prolilrin  18,  luir«.  3 ami  4 ‘■linulil  ltr: 

X i lias  a jiroalcM  rlrmrnt  or  i*>  null  if  ami  on 

X ft  lias  a Iracl  clrmrnl  or  is  null. 


— j J,l- 
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